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ABSTRACT OF THE DISCLOSURE

A reactor for effecting a catalyzed gaseous reaction
which comprises a reaction chamber and a heat ex-
changer. The reaction chamber has a plurality of spaced
catalyst chambers each having an inlet for introduction
of unreacted gas and an outlet for discharge of reacted
gas. The heat exchanger has means defining a first gas
flow path in communication with the outlets and a means
defining a second gas flow path. The first gas flow path
being separate from, but in thermal contact with the
second gas flow path. The space between the catalyst
chambers being such as to afford a passage for unreacted
gas from the second gas flow paths to the inlets of the
catalyst chambers. Such space having a plurality of pipes
disposed therein and each pipe having an outlet in com-
munication with said space so that in operation further
unreacted gas can be passed into the space by means of
said pipes and admixed with the unreacted gas in such
space.

This invention relates to a temperature control device
for the catalyst layer in an apparatus for effecting
exothermic synthetizing reaction by the use of a catalyst
at high temperature and under high pressure, for example
in the synthesis of ammonia or methanol.

Synthetizing reactors of this type have hitherto been
classified by the method of removing the heat of reaction
produced, into two types; the reactors of external heat
exchange type and self heat exchange type.

The reactors of external heat exchange type are
complicated in construction because a heating medium not
directly related to the reaction has to be passed through
the reactor. They are also disadvantageous because the
temperature of catalyst layer rises rapidly before the
cooling means and drops again rapidly after the cooling
means,

On the other hand, the reactors of self heat exchange
type present a problem in the temperature control of the
catalyst layer since isothermal operation of the catalyst
layer must be performed effectively.

To cite the reaction for ammonia synthesis as an ex-
ample, the reaction velocity drops gradually with an
increase in the ammonia concentration, and hence the
quantity of heat produced per unit amount of the catalyst
is decreased. In other words, a large quantity of heat
is produced and the temperature rises sharply in the
vicinity of the inlet of the catalyst layer. Conversely, in
the vicinity of the outlet, the heat development is limited
and the temperature rises slowly.

From the foregoing it is obvious that, in order to
effect the isothermal reaction, the heat transfer (cooling)
effect of the catalyst layer must be enhanced in the vicinity
of the inlet of the catalyst layer and the effect in the
vicinity of the outlet must be inhibited.

To accomplish this, two methods are employed. One
method consists of passing unreacted gas for cooling in
the form of parallel flow with the flow of reacted gas, and
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the other consists of passing the unreacted gas in the form
of a counter-current. In the case of a parallel flow, there
is a tendency that the temperature in the vicinity of the
outlet of the catalyst layer increases. Considering the
reaction velocity and equilibrium concentration, it is
clearly beneficial that the temperature at the point where
the ammonia concentration is high should be kept as low
as possible. In the case of counter-current, the tempera-
ture in the vicinity of the catalyst layer tends to rise
rapidly until the catalyst is deteriorated or otherwise
affected in quality. On the contrary, in the vicinity of the
outlet of the catalyst layer, the temperature may become
so low that the reaction temperature can no longer be
maintained.

The present invention is directed to an invention which
overcome the foregoing difficulties and to one which attain
sufficient effect in a synthetizing reactions with the con-
struction as will be described hereinafter.

Now a typical synthetizing reactor equipped with a
temperature control device for the catalyst layer in
accordance with the invention will be described with
reference to the accompanying drawings.

FIG. 1 is a vertical sectional view of a synthetizing
reactor equipped with temperature control device for the
catalyst layer according to the invention, as applied to
arrangements for synthesis of ammonia;

FIG. 2 is a cross scetional view taken along the line
Al—Al of FIG. 1; and

FIG. 3 is a diagram showing curves representing tem-
perature changes of the catalyst layer in the reactor
according to the invention,

In the figures, reference numeral 1 designates an outer
cylinder of a synthetizer, and 2 an inner.cylinder installed
inside the outer cylinder 1 with a clearance 3 provided
therebetween.

The top end of the outer cylinder 1 is hermetically
sealed with a top cover 4. At a point close to the top end,
the outer cylinder 1 is provided with an inlet port 5 for
unreacted gas for use in cooling said outer cylinder 1,
and the cylinder 1 is also provided with a main supply
port 6 for unreacted gas at a point close to the bottom
end.

A spacer ting 8 provided with a large number of
minute holes 7 is fitted into the clearance 3 on the top
end of the inner cylinder 2.

The inner cylinder 2 is divided into a reaction chamber
9 in the upper portion and a heat exchange chamber 10
in the lower portion. The top end of the inner cylinder 2
is partitioned by a heat-retaining plate 11, and the reac-
tion chamber 9 and the heat exchange chamber 10 are
partitioned by aeration chambers 13 and 14. The lower
end of the heat exchange chamber 10 and the inside
of the inner chamber 1 are partitioned by an aeration
chamber 15 with an annular clearance 16 left therearound
as a main passage for the unreacted gas.

The reaction chamber 9 is vertically divided into
several concentric and cylindrical catalyst chambers 17,
which are open at the top ends and communicate at the
bottoms with the heat exchange chamber 10 by way of the
aeration chamber 13. The catalyst chambers 17 are packed
with a catalyst. Each annular clearance 18 between each
pair of adjacent catalyst chambers 17 communicates at
the top end with the catalyst chambers 17 and com-
municates at the bottom end with the heat exchange cham-
ber 10 through the aeration chamber 14.

Each annular clearance 18 is provided with a multi-
plicity of cooling gas pipes 19.

The cooling gas pipes 19 are open into the annular
clearances, some pipes in the region (a) above the in-
termediate portion of the reaction chamber 9, some in
the region (&) in the intermediate portion of said cham-
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ber, and the other in the region (c¢) below the interme-
diate portion of said chamber. Penetrating through the
heat-retaining plate 11, the cooling gas pipes 19 com-
municate with a delivery pipe 25 which extends out of the
outer cylinder 1.

The heat exchange chamber 10 is provided with a
plurality of staggered shelves 21 and a multiplicity of re-
action gas delivery pipes 20 which directly communicate
the aeration chambers 13 and 15 vertically through the
heat exchange chamber 18. On the side walls between
the lowermost staggered shelf 21 and the top end of the
aeration chamber 16, a slit 22 is provided circumferen-
tially for direct communication between the heat ex-
change chamber 10 and the inside of the outer cylinder 1.

A pipe for introducing unreacted gas heated outside
into the outer cylinder 1 at the start of operation of the
reactor, and also for introducing unreacted gas for cool-
ing use normally in order to prevent the temperature rise
of the portion above the catalyst layer, is generally indi-
cated at 23. A discharge pipe for reaction gas is indicated
at 24.

Next, the operation of the apparatus according to the
invention will be explained.

Most of unreacted gas, ie. material gas, is fed in
through the main supply port 6. Part of unreacted gas is
introduced through the inlet port 5 for cooling the outer
cylinder 1, and flows down through the minute holes
7 of the spacer ring 8 into the clearance 3. The un-
reacted gas and the unreacted gas for cooling use are
merged and led into the heat exchange chamber 10 in the
inner cylinder 2 through the slit 22 provided on the side
walls of said chamber.

The unreacted gas passed into the heat exchange cham-
ber 10 passes among the plurality of staggered shelves
21 in zigzag fashion, and is gradually heated while ex-
changing the heat with the reaction gas flowing down
through the reaction gas delivery pipes 20, until it is in-
troduced into the reaction chamber 9 through the aera-
tion chamber 14.

The unreacted gas introduced into the reaction chamber
9 then moves upward through the annular clearances 18
between adjacent pairs of catalyst chambers 17, while
cooling said catalyst chambers 17.

Meanwhile, the unreacted gas for cooling use is led
through the delivery pipe 25 and cooling gas pipes 19 into
the annular clearances 18.

The unreacted gas for cooling use thus passed into the
clearances 18 is mixed with the ascending unreacted gas
thereby lowering the temperature, and also moves upward
while cooling the catalyst chambers 17, and attains a
temperature suitable for the synthetizing reaction, before
it enters the catalyst chambers 17 from the top of the
reaction chamber 9.

The gas reacted in the catalyst chamber 17 is fed from
the lower end of the catalyst chamber 17 via the outlets
17b and aeration chamber 13 into the gas delivery tubes
20 defining the first gas flow path of the heat exchange
chamber 10. These reacted gases undergo heat exchange
with the unreacted gas in the second gas flow path of the
heat exchange chamber 10 and are then discharged out
of the outer cylinder 1 via aeration chamber 15 and
reached gas discharge pipe 24",

Next, the effects achievable by the apparatus of the
invention will be described.

As the result of the communication of the annular
space 18, which are cooling means for reaction chamber
9, with the pipes 19 through which further unreacted gas
from the outside is passed the temperature of the cooling
gas inside the annular spaces 18 can be controlled.

The cooling gas pipes 192 which are open in the annular
clearances 18, some extend to the region (a), some to
the region (), and the other to the region (c).

Therefore, the flow rate of the cooling gas in the an-
nular clearances 18 is lowest in the region below (c¢),
higher in the region between (b) and (¢), still higher in
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the region between (a) and (b), and highest in the re-
gion above (a). Thus, it is possible to prevent an exces-
sive drop of the temperature in the vicinity of the outlet
of the catalyst layer by slowing down the flow rate of
the cooling gas in the lower portion of the reaction
chamber 9 thereby limiting the heat transfer (cooling)
effect upon said portion, and also to prevent excessive
heating in the vicinity of the inlet of the catalyst layer
by increasing the flow velocity of cooling gas in the upper
portion of the reaction chamber 9 where much of re-
action heat develops, thereby improving the heat trans-
fer (cooling) effect.

Further, this construction is very useful in the preven-
tion of any localized temperature rise of the catalyst layer,

In a catalytic reactor, there is a general tendency that,
with the deterioration of the catalyst, the portion where
the reaction takes place most rapidly, or the portion
where the temperature rise is sharpest, shifts gradually
toward the outlet of the catalyst layer. Such a difficulty
can be adequately overcome by suitable use of the cool-
ing gas pipes 19 which are the temperature control means
for the catalyst layer.

An example of reaction temperature in the case where
an apparatus according to the invention is employed is
as follows.

The material gas used was a hydrogen-nitrogen mixture,
with a mixing ratio of about 3:1, containing 2.0% of
ammeonia.

The temperature of the catalyst layer was between 450
and 520° C. and the pressure was 300 atm.

Unreacted gas mixture at a temperature of 180° C.
was fed into the apparatus through the main supply inlet
6 and was heated by heat exchange with reacted gas hav-
ing a temperature of from 380 to 480° C. passing through
the reaction gas delivery tubes 20 of the heat exchange
chamber 10. By the time the unreacted gas had reached
the chamber 14, its temperature was 420° C. On entering
the catalyst chamber 17 via inlets 174, the unreacted gas
temperature was 480° C.

The unreacted gas for cooling use which was introduced
through the inlet port § for unreacted cooling gas, cool-
ing gas pipes 19, and the unreacted cooling gas supply
pipe 23, was at a temperature of 35° C. At the points
leaving the cooling gas pipes 19, the temperature of un-
reacted gas dropped from about 490° to 420° C.

The temperature of reacted gas at the outlets of catalyst
chambers 17 was 480° C. and the gas temperature inside
the discharge pipe 24 was 380° C. with an ammonia con-
tent ranging from 18 to 20%.

FIG. 3 shows curves which represent the relations be-
tween the length of catalyst layer (axis of coordinates)
and gas temperature (axis of abscissas) obtained by the
apparatus of the invention.

In the figure, the points (A), (B) and (C) correspond
to the regions (a), (b) and (c) in FIG. 1. In other words,
they indicate the temperatures of a mixture of the unre-
acted gas ascending through the heat exchange chamber
10 with the unreacted gas for cooling use (that is, of the
catalyst layer).

We claim:

1. An apparatus for effecting a catalysed gaseous reac-
tion, which comprises a reaction chamber and a heat ex-
changer, said reaction chamber comprising a plurality of
spaced catalyst chambers each having an inlet for intro-
duction of unreacted gas and an outlet for discharge of
reacted gas and said heat exchanger having a means de-
fining a first gas flow path in communication with said
outlets and a means defining a second gas flow path, said
first gas flow path being separate from but in thermal
contact with said second gas flow path, the space between
said catalyst chambers being such as to afford a passage
for unreacted gas from said second gas flow path to the
inlets of said catalyst chambers and having a plurality of
pipes disposed therein, each pipe having an outlet in com-
munication with the space whereby, when the apparatus
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is in use, further unreacted gas can be passed into said
space via said pipes and admixed with the unreacted gas
in said space, the arrangement being such that, in use,
unreacted gas flows through said space in a direction op-
posite to the direction of flow of gas through the catalyst
chambers.

2. An apparatus as claimed in claim 1, wherein said
catalyst chambers are substantially circular in cross-sec-
tion and are arranged substantially concentrically with
respect to one another whereby the space between adja-
cent catalyst chambers is substantially annular.

3. An apparatus as claimed in claim 1, wherein the
reaction chamber and the heat exchanger are disposed in
an outer chamber, the arrangement being such that, in
use of the apparatus, additional unreacted gas can be
passed between the inner wall of the outer chamber and
the outer wall of the reaction chamber and thence into
the heat exchanger.

4. An apparatus as claimed in claim 1, wherein the
means defining said first gas flow path comprises a plu-
rality of tubes and said means defining said second gas
flow path comprises a chamber in which the tubes are dis-
posed, said chamber being provided with baffles to facili-
tate heat exchange between unreacted gas in said chamber
and reacted gas in the tubes in use of the apparatus.
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5. An apparatus as claimed in claim 1, wherein the
pipes in the space are so arranged that the outlets of some
of the pipes are disposed at a greater distance from the
inlets of said catalyst chambers than are the outlets of
other of the pipes.

6. An apparatus as claimed in claim 1, wherein a fur-
ther pipe is provided in the reaction chamber for intro-
duction of still further unreacted gas into the apparatus,
sad further pipe being in communication with the inlets
of said catalyst chamber.
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